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A B S T R A C T

Objective: Advanced techniques such as volumetric-modulated arc therapy (VMAT) may reduce radiation da-
mage and improve the quality of life for patients.We performed a study comparing dose distributions to the
planning target volumes(PTVs) and other organs at risk (OARs) of intensity-modulated radiotherapy
(IMRT),coplanar VMAT (coVMAT), and non-coplanar VMAT (ncVMAT).
Patients and methods: 13 patients with GBM who had undergone postoperative radiotherapy were enrolled.
Three plans for each patient were created, namely, IMRT, coVMAT, and ncVMAT. Prescription doses and
normal-tissue constraints were identical for these three plans. The dosimetric differences of target dose dis-
tribution, conformity index (CI), homogeneity index (HI), the gradient index (GI), dose of OARs, monitor units
(MUs) and beam-on times among these three plans were investigated.
Results: These three techniques resulted in comparable maximum, minimum, and mean PTV doses. Small but
insignificant differences were observed in GI,CI, and HI. Compared with IMRT, VMAT plans showed statistically
significant reductions in the mean doses to the optic chiasm (P < 0.05). Compared with IMRT, VMAT tech-
niques significantly reduced the number of MUs and less beam-on time than IMRT techniques (P＜ 0.05).
However, calculation times were significantly longer for ncVMAT and coVMAT plans at 12 and 12.3min, versus
2.6 min for IMRT. Our study showed that IMRT or VMAT planning is feasible and efficient for patients with
GBM.Compared to IMRT plans, ncVMAT or coVMAT plans showed similar PTV coverage and comparable OARs
sparing. VMAT plans significantly reduces the mean doses to the optic chiasm than IMRT plans.
Conclusion: There was no obvious superiority of ncVMAT over coVMAT in target coverage and sparing of
OARs.Compared with IMRT, VMAT techniques significantly reduced the number of MUs and beam-on time but
extended the calculation times.

1. Introduction

Glioblastoma (GBM) is the most common malignant cranial neo-
plasm in adults,with a median overall survival (OS) less than two years
[1]. A study reported the 5-years survival rate of GBM is only about 5%
[2]. The standard treatment of GBM consists of surgery with con-
comitant chemotherapy and radiotherapy(RT), followed by temozolo-
mide adjuvant chemotherapy.Despite recent advances of novel ther-
apeutic strategies,survival of patients with GBM remains poor [1,2].
Radiotherapy of the brain may cause many adverse reactions such as
memory and hearing loss,visual impairment,radiation necrosis, and
affect the daily life of patients [3]. It is meaningful to choose the op-
timal radiation technology to reduce the side effects of radiation while
ensuring the effect of radiation.Technical advances,such as intensity-

modulated radiotherapy(IMRT) and volumetric-modulated arc therapy
(VMAT) have been confirmed as valid treatment alternatives for 3D
con-formal radiotherapy(3D-CRT) and might reduce treatment-related
side effects in long-term survivors [4–6].VMAT is now becoming a
standard of radiotherapy treatment for head and neck cancer
[7,8].VMAT plans with single or multiple full or partial arcs are used
instead of static multiple beams at different gantry angles and mod-
ulation of intensity is achieved by variation of MLC(Muti-Leaf Col-
limmator) speed, gantry rotation speed and dose rate during the rota-
tion of the gantry [9].The VMAT plans required fewer monitor units
(MUs) and reduced treatment delivery duration but prolonged plan
optimization times,compared to IMRT plans [7]. Recently,noncoplanar
technology in IMRT and VMAT have been found to be useful for
treating intra-cranial malignant tumors [7,10].Most of studies have
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demonstrated that non-coplanar radiation can improve treatment plan
quality while reducing the doses of organs at risk (OARs) [11,12].Non-
coplanar IMRT and non-coplanar VMAT(ncVMAT) plans resulted in
lower contralateral temporal lobe dose than coplanar IMRT and VMAT
plan for patients with high-grade gliomas.However, there was no sig-
nificant differences in non-coplanar and coplanar techniques in the
target coverage and PTV equivalent uniform doses [7].At present,there
are few studies on the radiotherapy of GBM with ncVMAT technolo-
gy.The aim of our study was to explore whether ncVMAT has ad-
vantages in PTV coverage and OAR sparing compared to coVMAT or
IMRT plans.The present study was also compared the doses coverage
among these three planning systems(IMRT,coVMAT,ncVMAT)and find
the best treatment planning system for patients with GBM.

2. Patients and methods

2.1. Patient selection

A total of 13 patients were histologically proven GBM after surgery
was retrospectively selected from our hospital between 2014 and
2018.The eligibility criteria were included:(1)non-secondary GBM;(2)
initial radiotherapy;(3)underwent maximum reasonable microsurgical
resection,and had an immediate postoperative MRI study.A total of 37
patients with GBM received radiotherapy within five years in our
department.Among them, a total of 13 patients met the entry require-
ments.

2.2. Treatment planning

The Eclipse 10 planning system(Varian Medical Systems,Palo Alto,
Calif.) was used for treatment planning and dose distribution
calculations.IMRT, coVMAT, and ncVMAT plans were created for each
of 13 cases.

2.3. Target definition and prescription dose

The prescription dose was 60 Gy in 30 fractions,with contours based
on EORTC Protocol 26052_22053 [13].The maximum dose permitted
within the PTV was 110%.The minimum volume of the PTV covered by
the 95% isodose line was 98%.Gross tumor volume(GTV) was defined
as the contrast-enhancing lesion visible with T1-weighted MR-imaging
and T2 fluid attenuated inversion recovery(FLAIR)MRI images.GTV was
expanded with a 2 cm margin to create clinical target volume
(CTV).CTV was expanded with a 0.3 cm margin to create the PTV.OARs
such as optic chiasm,brainstem,optic nerves,lenses and so on were
contoured following previous recommendations [2,3].The tolerance
doses of OARs were based on previous publications [7].

Three plans(IMRT,coVMAT and ncVMAT)were generated for each
patient(Fig.1 and Fig.2).The IMRT plans were created using 7 coplanar
fields according clinical experience and the plan optimization used the
direct-machine parameter optimization.All VMAT plans were calcu-
lated as double full arcs.The coplanar VMAT plans consisted of a re-
verse 360° dual-arc with a maximum dose rate of 600 MU/min.The
optimization algorithm was corrected for the air chamber with stepwise
resolution.One arc was set up in a clockwise direction from 181° to 179°
with a 30° collimator angle;conversely,the second arc was performed in
a counterclockwise direction from 179° to 181° with a 30° collimator
angle.The ncVMAT plan used the same curvature and collimator angle
as the coplanar plan,except that the angle of the couch of one single arc
is 330°.

2.4. Evaluation of treatment plans

Dosimetric parameters were calculated and compared for the PTVs
and OARs.For the PTVs,the comparison parameters included maximum
dose,the homogeneity index (HI),the gradient index (GI),and the

conformity index(CI).The HI was defined as follows: HI=(D2-D98)/
D50.Where D2 represent the corresponding dose for 2% of the target
volume,D98 represent the corresponding dose for 98% of the target
volume,and D50 represent corresponding dose for 50% of the target
volume.The HI value will be less than 1,and the closer the HI to 0, the
better the homogeneity [14].The CI represents the objective measure of
how well the distribution of radiation follows the shape of the radio-
surgical target:CI=(TVPV×TVPV)/(TV×PV),where TVPV, TV, and
PV represent the volume of the target covered by the prescription

dose,target volume,and prescription isodose volume,respectively
[15].The CI value will be less than 1,and the closer the CI to 1,the better
the conformality.The gradient index(GI), which is an evaluation of dose
falloff,was calculated as:GI= PV50%/PV,where PV50% denotes 50%
of the prescription isodose volume.The higher GI means the better of
radiotherapy plan.Doses to OARs and coverage of the PTVs were
evaluated by the dose-volume histogram(DVH).To evaluate target
coverage,D2,D95,D98,V95,V100,V105,were compared,where Dx was
the dose that was computed for a fraction of a target or an organ vo-
lume,and Vx was the volume that was irradiated above a designated
dose.

2.5. Statistical analysis

The dosimetric differences among these three plans for the 13 pa-
tients were analyzed using the Kruskal-Wallis test.The dosimetric dif-
ferences between the two treatment plans were analyzed using the
Wilcoxon rank-sum test.All the statistical tests were two sided,and
P < 0.05 was considered statistically significant.All the data was
analyzed using SPSS (version 22.0,IBM).

3. Results

3.1. Patient characteristics

There were 13cases with GBM enrolled in our study(Table1).There
were 7 male patients and 6 female patients.The median age of all the
patients was 52 years(range27-70 years).All characteristics of all the
patients were summarized in Table 1.The median PTV volume was
356 cm3 (range111.7-588 cm3).

3.2. PTV doses

These three techniques resulted in comparable max-
imum,minimum,and mean PTV doses(Table2).Small but insignificant
differences were observed in GI,CI,and HI.Table 2 showed CI of VMAT
plans was better than IMRT plans(IMRT0.81 versus VMAT0.85 and
ncVMAT0.828, p > 0.05).Howerer,HI of VMAT plans was worse than
IMRT plans with no no significant differences.D95% and D98% were
similar among these three plans(Table2).

3.3. OAR doses

The doses to normal tissues were all within the clinically acceptable
range.In addition to the optic chiasm,these three plans showed no sig-
nificant differences in the doses to the OARs(p＞0.05,Table3).VMAT
plans significantly reduces the mean doses to the optic chiasm than
IMRT plans(p＜0.05,Table3).

3.4. Time comparison

Table4 showed the calculation,beam-on times and MUs for each
technique.Compared with IMRT techniques,VMAT techniques sig-
nificantly reduced the number of MUs and beam-on times(P＜
0.001).However,the calculation times were significantly longer for
ncVMAT and coVMAT plans than that of IMRT plans.
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4. Discussion

VMAT techniques with the variation of gantry rotation speed,beam
shaping aperture and delivery dose rate,achieves an IMRT dose dis-
tribution with less time than IMRT techniques.Today,VMAT plans
usually utilize a coplanar beam trajectory realized by a fixed couch
angle,typically 0°.Previous studies have primarily focused on coplanar
IMRT or VMAT techniques [6,16].

Compared with IMRT plans,VMAT plans get equal or better cov-
erage of PTV volumes and improved OARs sparing while using fewer
MUs and requiring less time to treat high-grade gliomas [7].The faster
dose delivery of the VMAT plans can decrease the treatment time and
limit the potential for intra-fraction organ and patient motion.The
motions can cause unwanted deviations in the dose dis-
tribution.However,VMAT plans may need more time for plan optimi-
zation [7]. A paper showed that both VMAT and 3D-conformal radio-
therapy techniques achieved an adequate doses conformity to the
target.The median OS for VMAT patients were significantly longer than
patients with 3DCRT(1.56 ± 0.09 years vs 1.21 ± 0.09 years,P <
0.05). The median PFS for VMAT patients were also significantly longer
than patients with 3DCRT(1.29 ± 0.13years vs 0.99 ± 0.07 years,P
< 0.05) [17].A study found that there was equivalent PTV cover-
age,HI,and CI in VMAT and IMRT plans.VMAT significantly reduced
maximum and mean retinal,lens,and contralateral optic nerve doses
compared with IMRT.IMRT had more MUs and longer treatment times
than VMAT plans [7].Wagner et al [16]showed a better target coverage
in cases of PTV close to OARs using VMAT compared to VMAT or
3DCRT.VMAT had a shorter treatment time,less MUs and a small
V107% than IMRT.VMAT plan provided the best homogeneity

coefficient compared to 3D-CRT or IMRT,and had better reduction of
mean and maximum dose to OARs and healthy brain than IMRT and
3D-CRT plan [6,18].A study presented the application of coVMAT and
coIMRT in treating CNS tumors.VMAT plans reduced maximum dose to
chiasm,optic nerves, and cochlea compared with IMRT.The beam-on
time of IMRT was significantly longer than VMAT [9].A study also
showed the advantage of VMAT over IMRT is lesser MUs and treatment
time [19].IMRT resulted in significantly longer delivery times and an

Fig. 1. Cross section of PTV in three plans for one patient. A for IMRT,B for coVMAT,C for ncVMAT.

Fig. 2. Comparison of dose distributions in three plans for one patient.

Table 1
Patient characteristics.

Parameter

Gender
Male(n) 7
Female(n) 6
Age
Median(year) 52
Range(year) 27-70
Tumor location
Frontal lobes(n) 5
Parietal lobes(n) 1
Temporal lobes(n) 3
Fronto-temporal lobes (n) 1
Parieto-temporal lobes (n) 1
Occipitol-temporal lobes(n) 2
Side
Right(n) 8
Left(n) 5
PTV volume(cm3)
Median 356
Range 111.7-588
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increase in MUs when compared to VMAT [18].Wagner et al [16]
identified shorter treatment time,fewer MUs, and a small V107% as the
major advantages when selecting VMAT techniques over IMRT in ma-
lignant glioma cases.In head-and-neck carcinoma cases,VMAT plans
had fewer MUs and shorter treatment times while maintaining similar
dose distributions,compared to IMRT [20].VMAT plans got higher PTV
minimum doses and reduces maximum or mean doses to chiasm and
optic nerves,compared to IMRT plan.MUs of VMAT also significantly
fewer than IMRT [8].Our study showed that VMAT is superior to IMRT
in optic chiasm protection.IMRT resulted in significantly longer beam-
on times and increase in MUs compared with VMAT.IMRT had shorter
calculation times than coVMAT or ncVMAT plans(Table4).

One study showed that the large number of angles utilized by
ncVMAT plans can help improve dose conformity,homogeneity,and
organ sparing simultaneously using the same beam trajectory length
and delivery time compared to coplanar VMAT plan [6].A paper
showed both ncVMAT and coVMAT plans showed superior HI and CI in

PTVs compared with IMRT. However,there was no significant differ-
ence in CI or HI between ncVMAT and coVMAT plans.Both VMAT plans
provided a better protection for OARs than IMRT plans,and ncVMAT
plans were superior to coVMAT in sparing of OARs.CoVMAT plans
significantly reduced peripheral doses than ncVMAT plans.The both
two VMAT plans reduced delivery time than IMRT plans.But the cal-
culation time in VMAT plans was significantly longer than IMRT plans
[21].This result was same to our study(table4).NcVMAT plans reduced
the mean and maximum doses in OARs compared to coVMAT plan-
s.Compared to ncIMRT or coIMRT plans,both ncVMAT or coVMAT
techniques required fewer MUs but longer optimization times and cal-
culation times.This study showed all the four techniques achieved
comparable target coverage.Superior sparing of contralateral optic
structures was seen with ncIMRT [7].Although VMAT is time con-
suming,the advantage of reducing treatment time is beneficial to the
patients’comfort.A recent study showed coVMAT and ncVMAT
achieved similar PTV doses,HI and CI.Compared to coIMRT

Table 2
Comparison of PTVs dosimetric parameters.

Parameter IMRT CO-VMAT NC-VMAT Z P P1 P2 P3

PTV mean(cGy) 6146 6163 6173 2.147 0.342 0.448 0.153 0.545
PTV max(cGy) 6477 6518 6560 0.684 0.71 0.479 0.92 0.511
PTVmini(cGy) 5182 5219 5268 0.266 0.857 0.88 0.579 0.88
V95% 335 332 334 0.031 0.985 0.88 0.92 0.96
V100% 324 303 318 0.046 0.977 0.84 0.88 0.96
V105% 19.5 16 17.7 0.152 0.927 0.762 0.88 0.762
D2%(cGy) 6296 6328 6329 1.723 0.423 0.448 0.169 0.801
D95%(cGy) 6010 5985 6009 2.39 0.303 0.153 0.479 0.336
D98%(cGy) 5952 5851 5908 5.64 0.6 0.022 0.223 0.186
HI 0.0615 0.0814 0.0731 4.169 0.124 0.064 0.125 0.65
RTOG-CI 0.8098 0.8549 0.8281 3.85 0.146 0.223 0.064 0.448
GI 2.6607 2.8949 2.7889 1.154 0.469 0.243 0.65 0.479

Note:P was the comparison of all the three plans.P1 was the comparison of the IMRT and CO-VMAT.P2 was the comparison of the IMRT and NC-VMAT.P3 was the
comparison of the CO-VMAT and NC-VMAT.

Table 3
OAR dose statistics comparison (n= 13).

Parameter IMRT CO-VMAT NC-VMAT P P1 P2 P3

Brainstem
D mean 3232.7 3622 3717 0.663 0.243 0.39 0.84
D max 6385 6442 6445 0.663 0.223 0.204 0.98
Brain
D mean 3232.7 3622 3717 0.459 0.228 0.369 0.817
D max 6385 6442 6445 0.337 0.209 0.204 0.98
Optic chiasm
D mean 3412 2980.9 2773.4 0.041 0.043 0.0.039 0.762
D max 5118 5137.7 5022.7 0.663 0.762 0.762 0.961
Pituitary
D mean 2738.5 3313 2755.1 0.902 0.801 0.98 0.687
D max 3597.7 4062.6 2242.3 0.752 0.92 0.511 0.579
Lens
D mean 377.7 496.4 464.5 0.641 0.362 0.522 0.898
D max 445.8 532.2 532.4 0.671 0.427 0.457 0.98
Left optic nerve
D mean 1466.2 1767.7 1271.5 0.928 0.724 0.98 0.801
D max 2237.6 2496.9 2251.4 0.902 0.687 0.92 0.88
Right optic nerve
D mean 1510.3 1803.1 1686.9 0.516 0.418 0.311 0.724
D max 1956.7 2732 2224 0.992 0.98 0.88 0.98
Left hippocampus
D mean 3520.7 4242.1 3560.5 0.488 0.511 0.96 0.65
D max 5514 4981.2 5136.6 0.902 0.98 0.98 0.96
Right hippocampus
D mean 4675.4 4880.5 4511.3 0.918 0.701 0.817 0.817
D max 5841.2 6211.6 6181.8 0.564 0.343 0.427 0.663

Note:P was the comparison of all the three plans.P1 was the comparison of the IMRT and CO-VMAT.
P2 was the comparison of the IMRT and NC-VMAT.P3 was the comparison of the CO-VMAT and.
NC-VMAT.
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plans,ncVMAT plans significantly reduces doses to the bilateral hippo-
campus without increasing the doses to normal brain tissue and other
OARs [10].

Our study showed that all the three techniques resulted in clinically
acceptable plans,with comparable target doses.NcVMAT technology
had no dose distribution advantages and normal organ protection ad-
vantages compared with coVMAT technology.VMAT plans had higher
CI and HI than IMRT plans,but the results were not statistically
significant.Tumor locations,PTV volumes,angles of the couch may in-
duce different results.VMAT techniques provided significantly better
sparing of the mean doses of optic chiasm than IMRT techniques in our
study.Our article has some limitations.Firstly, this is a retrospective
study.Secondly, the sample is small.The result still require a larger
sample of studies to confirm.Technique of radiotherapy should be in-
dividualized,based on patient-specific clinical and dosimetric para-
meters.

5. Conclusion

Compared to IMRT plans,ncVMAT or coVMAT plans showed similar
PTV coverage.VMAT plans significantly reduced the mean dose to the
optic chiasm than IMRT plans.Our study did not demonstrate the ob-
vious superiority of ncVMAT over coVMAT in target coverage and
sparing of OARs.And there were no differences in plan calculation and
delivery efficiency between ncVMAT and coVMAT.Compared to
IMRT,VMAT techniques significantly reduced the number of MUs and
beam-on time but extended calculation times.

Funding

This work was supported by grants from the National Natural Youth
Science Foundation of China (number. 81703033) and Shandong
Natural Science Foundation (ZR201702200659).

Declaration of Competing Interest

The authors declare no conflicts of interest.

References

[1] R. Stupp, S. Taillibert, A.A. Kanner, S. Kesari, et al., Maintenance therapy with
tumor-treating fields plus temozolomide vs temozolomide alone for glioblastoma:a
randomized clinical trial, JAMA 314 (2015) 2535–2543.

[2] K. Anton, J.M. Baehring, T. Mayer, Glioblastoma multiforme:overview of current
treatment and future perspectives, Hematol. Oncol. Clin. North Am. 26 (2012)
825–853.

[3] A.Z. Diaz, M. Choi, Radiation-associated toxicities in the treatment of high-grade
gliomas, Semin. Oncol. 41 (2014) 532–540.

[4] N.J. Aherne, L.C. Benjamin, P.J. Horsley, et al., Improved outcomes with intensity
modulated radiation therapy combined with temozolomide for newly diagnosed
glioblastoma multiforme, Neurol. Res. Int. (2014) 1–5.

[5] S.M. MacDonald, S. Ahmad, S. Kachris, et al., Intensity modulated radiation therapy
versus three-dimensional conformal radiation therapy for the treatment of high
grade glioma:a dosimetric comparison, J. Appl. Clin. Med. Phys. 8 (2007) 47–60.

[6] R. Shaffer, A.M. Nichol, E. Vollans, et al., A comparison of volumetric modulated
arc therapy and conventional intensity-modulatedradiotherapy for frontal and
temporal high-grade gliomas, Int. J. Radiat. Oncol. Biol. Phys. 76 (2010)
1177–1184.

[7] V. Panet-Raymond, W. Ansbacher, S. Zavgorodni, et al., Coplanar versus non-
coplanar intensity-modulated radiation therapy (IMRT)and volumetric-modulated
arc therapy (VMAT) treatment planning for fronto-temporal high-grade glioma, J.
Appl. Clin. Med. Phys. 13 (2012) 3826.

[8] Y. Yang, P. Zhang, L. Happersett, et al., Choreographing couch and collimator in
volumetric modulated arc therapy, Int. J. Radiat. Oncol. Biol. Phys. 80 (2011)
1238–1247.

[9] W.F. Verbakel, J.P. Cuijpers, D. Hoffmans, M. Bieker, B.J. Slotman, S. Senan,
Volumetric intensity-modulated arc therapy vs. Conventional IMRT in head-and-
neck cancer:a comparative planning and dosimetric study, Int. J. Radiat. Oncol.
Biol. Phys. 74 (2009) 252–259.

[10] M. Uto, T. Mizowaki, K. Ogura, M. Hiraoka, Non-coplanar volumetric-modulated
arc therapy(VMAT) for craniopharyngiomasreduces radiation doses to the bilateral
hippocampus:a planning studycomparing dynamic conformalarc therapy,coplanar
VMAT,and non-coplanarVMAT, Radiat. Oncol. 23 (11) (2016) 86.

[11] E. Wild, M. Bangert, S. Nill, U. Oelfke, Noncoplanar VMAT for nasopharyngeal
tumors: plan quality versus treatmenttime, Med. Phys. 42 (2015) 2157–2168.

[12] M. Bangert, P. Ziegenhein, U. Oelfke, Comparison of beam angle selection strategies
for intracranial IMRT, Med. Phys. 40 (2013) 011716.

[13] T.S. Armstrong, J.S. Wefel, M. Wang, et al., Net clinical benefit analysis of radiation
therapy oncology group 0525:a phase III trial comparing conventional adjuvant
temozolomide with dose-intensive temozolomide in patients with newly diagnosed
glioblastoma, J. Clin. Oncol. 31 (2013) 4076–4084.

[14] S. Adeberg, S.B. Harrabi, N. Bougatf, et al., Intensity-modulated proton ther-
apy,volumetric-modulated arc therapy,and 3D conformal radiotherapy in ana-
plastic astrocytoma and glioblastoma, Strahlenther. Onkol. 192 (2016) 770–779.

[15] I. Paddick, B. Lippitz, A simple dose gradient measurement tool to complement the
conformity index, J. Neurosurg. 105 (2006) 194–201.

[16] D. Wagner, H. Christiansen, H. Wolff, H. Vorwerk, Radiotherapy of malignant
gliomas:comparison of volumetric single arc technique (RapidArc),dynamic in-
tensity-modulated technique and 3D conformal technique, Radiother. Oncol. 93
(2009) 593–596.

[17] P. Navarria, F. Pessina, L. Cozzi, et al., Can advanced new radiation therapy tech-
nologies improve outcome of highgrade glioma (HGG) patients? Analysis of 3D-
conformal radiotherapy (3DCRT) versus volumetric-modulated arc therapy(VMAT)
in patients treated with surgery,concomitant and adjuvant chemo-radiotherapy,
BMC Cancer 16 (2016) 362.

[18] L. Zach, B. Stall, H. Ning, et al., A dosimetric Comparison of four treatment planning
methods for high grade glioma, Radiat. Oncol. 4 (2009) 45.

[19] F. Foroudi, L. Wilson, M. Bressel, et al., A dosimetric comparison of 3D conformal vs
intensity modulated vs volumetric arc radiation therapy for muscle invasive bladder
cancer, Radiat. Oncol. 7 (2012) 111.

[20] W.F. Verbakel, J.P. Cuijpers, D. Hoffmans, M. Bieker, B.J. Slotman, S. Senan,
Volumetric intensity-modulated arc therapy vs. Conventional IMRT in head-and-
neck cancer: a comparative planning and dosimetric study, Int. J. Radiat. Oncol.
Biol. Phys. 74 (2009) 252–259.

[21] Y. Jeong, S.W. Lee, J. Kwak, et al., A dosimetric comparison of volumetric modu-
lated arc therapy (VMAT) and non-coplanar intensity modulated radiotherapy
(IMRT) for nasal cavity and paranasal sinus cancer, Radiat. Oncol. 9 (2014) 193.

Table 4
Calculation,beam-on times and MUs for each technique.

Parameter IMRT CO-VMAT NC-VMAT Overal P P1 P2 P3

Calculation time(mins) 2.6 12 12.3 P< 0.001 P<0.001 P<0.001 0.181
Beam-on time (mins) 2.1 0.7 0.73 P<0.001 P<0.001 P<0.001 0.291
Monitor Units 843 281 291 P<0.001 P<0.001 P<0.001 0.343

Note:P was the comparison of all the three plans.P1 was the comparison of the IMRT and CO-VMAT.P2 was the comparison of the IMRT and NC-VMAT.P3 was the
comparison of the CO-VMAT and NC-VMAT.

Y. Hou, et al. Clinical Neurology and Neurosurgery 187 (2019) 105573

5

http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0005
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0005
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0005
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0010
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0010
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0010
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0015
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0015
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0020
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0020
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0020
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0025
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0025
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0025
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0030
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0030
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0030
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0030
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0040
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0040
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0040
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0045
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0045
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0045
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0045
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0050
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0050
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0050
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0050
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0055
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0055
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0060
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0060
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0065
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0065
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0065
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0065
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0070
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0070
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0070
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0075
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0075
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0085
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0085
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0085
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0085
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0085
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0090
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0090
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0095
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0095
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0095
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0105
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0105
http://refhub.elsevier.com/S0303-8467(19)30369-5/sbref0105

	Intensity-modulated radiotherapy, coplanar volumetric-modulated arc, therapy, and noncoplanar volumetric-modulated arc therapy in, glioblastoma: A dosimetric comparison
	Introduction
	Patients and methods
	Patient selection
	Treatment planning
	Target definition and prescription dose
	Evaluation of treatment plans
	Statistical analysis

	Results
	Patient characteristics
	PTV doses
	OAR doses
	Time comparison

	Discussion
	Conclusion
	Funding
	mk:H1_16
	References




